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1
METHOD FOR FORMING STEEL SHEET BY
HOT PRESSING

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a national stage application, filed under
35 U.S.C. §371, of International Application No. PCT/
JP2011/003537, filed Jun. 21, 2011, which claims priority to
Japanese Application No. 2010-163717, filed Jul. 21, 2010,
both of which are hereby incorporated by reference in their
entirety.

BACKGROUND

1. Technical Field

The present invention relates to methods for forming a steel
sheet by hot pressing to provide a final formed product hard-
ened by plastically working, machining, and cooling a heated
steel sheet in sequence.

2. Description of Related Art

In recent years, in the motor vehicle industry, there is a
need for lightweight vehicle body structures providing a high
level of safety, and in order to satisty the need, attention has
been given to a method for forming a steel sheet by hot
pressing to obtain a strong vehicle body structure without
increasing the sheet thickness. For example, in a method for
forming a steel sheet by hot pressing according to Japanese
Patent Publication No. 2005-248253 (paragraph 0022, FIG.
2), a final formed product is obtained from a steel sheet
through a plurality of steps by using one die set. Specifically,
a primary formed product is obtained by plastic working in
which a steel sheet heated to high temperatures is pressed
from above and below so as to be plastically deformed along
pressing surfaces of a die set; a secondary formed product is
then obtained by machining, e.g., by piercing the primary
formed product; and then, the secondary formed product is
cooled with the die set held at a bottom dead center position
s0 as to be hardened, thereby obtaining a strong final formed
product.

However, in the hot pressing of Japanese Patent Publica-
tion No. 2005-248253 (paragraph 0022, FIG. 2), plastic
working, machining, and cooling are sequentially performed
by using one die set, and thus, it takes considerable time to
obtain one final formed product.

To address the problem, a method using a transfer press to
increase productivity is contemplated. Specifically, a primary
forming die set for primary forming in which plastic working
is performed, a secondary forming die set for secondary form-
ing in which machining is performed, a cooling die set for
cooling in which cooling is performed are sequentially
arranged in the transfer press so as to be synchronously oper-
ated. Steel sheets, primary formed products, and secondary
formed products are sequentially fed to these die sets, thereby
successively obtaining final formed products to increase pro-
ductivity.

The transfer press is generally comprised of a mechanical
press with high productivity. The mechanical press drives a
flywheel with a motor, and the driving force of the flywheel is
converted to linear motion by a crank mechanism. A clutch, a
brake, etc., are provided on a power transmission path
through which the driving force is transmitted, and the
engagement of the clutch allows the driving force of the
flywheel to be transmitted to the crank mechanism to move
the die sets placed in the press up and down, and with appli-
cation of the brake, the vertical movement of the die sets is
stopped.
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Incidentally, a cooling (hardening) step for a secondary
formed product in hot pressing takes a longer time than the
other two steps. Therefore, when a cooling die setisheld at a
bottom dead center position for a predetermined time period
to cool a secondary formed product with a transfer press, the
other die sets for primary forming and secondary forming are
also held at corresponding bottom dead center positions for
the same time period, and thus, primary and secondary
formed products are held in contact with the corresponding
die sets for a longer time period than necessary, thereby
releasing the heat of each of the primary and secondary
formed products to the corresponding die set. This release
causes the temperature of the secondary formed product
immediately before being carried into the cooling die set to be
lower than the hardening start temperature at which harden-
ing starts and which is required for hardening.

In order to avoid this, in a method for forming a steel sheet
by hot pressing according to Japanese Patent Publication No.
2007-136533 (paragraph 0028, FIG. 1), primary and second-
ary formed products are heated or kept warm while being held
in corresponding die sets to prevent the temperature of each of
the primary and secondary formed products from being lower
than the hardening start temperature.

However, in Japanese Patent Publication No. 2007-136533
(paragraph 0028, FIG. 1), a large amount of energy is con-
sumed to manage the temperature of each of the primary and
secondary formed products, and thus, the running cost, such
as the electricity cost, increases.

With the use of a mechanical press for a cooling step in a
transfer press, even when a brake is applied to stop a corre-
sponding die set at a bottom dead center position, shock
caused by the contact between upper and lower dies of the die
set causes the stop location at which the die set stops to
deviate slightly from the normal stop location corresponding
to the bottom dead center position, and thus, when secondary
formed products are sequentially held in the cooling die set
under pressure, the conditions of contact between the second-
ary formed products and the cooling die set vary, and thus, the
quality of final formed products may vary in continuous pro-
duction.

Furthermore, while improvement in productivity is
expected by simply increasing the speed of the vertical move-
ment of the cooling die set, an increase in the operating speed
of a press of the mechanical press causes the brake for stop-
ping the vertical movement of the cooling die set to be less
effective, and thus, the conditions of the contact between the
secondary formed products held under pressure and the cool-
ing die set may further vary.

It is therefore an object of the present invention to provide
a method for forming a steel sheet by hot pressing which
method reduces the energy consumption to a minimum to
reduce the running cost, can successively provide final
formed products of uniform quality, and furthermore offers
high productivity.

BRIEF SUMMARY

In order to achieve the above object, a feature of the present
invention is that a hydraulic press controlled by a servomotor
operates a cooling die set independently without coordinating
with primary and secondary forming die sets.

Specifically, according to a first aspect of the invention, a
primary forming step of obtaining a primary formed product
by performing plastic working in which a heated steel sheet is
pressed by upper and lower dies of a primary forming die set
for a predetermined time period so as to be plastically
deformed along a pressing surface of each of the upper and
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lower dies; a secondary forming step of carrying the primary
formed product into a secondary forming die set, and machin-
ing the primary formed product with upper and lower dies of
the secondary forming die set for a predetermined time period
to obtain a secondary formed product; and a hardening step of
carrying the secondary formed product into a cooling die set
placed in a hydraulic press controlled by a servomotor, and
allowing upper and lower dies of the cooling die set to hold
the secondary formed product under pressure for a longer
time period than the time period of each of the primary and
secondary forming steps to obtain a hardened final formed
product are successively performed in sequence, the harden-
ing step is configured so as to be performed independently
without coordinating with the primary and secondary form-
ing steps, and between a start of hardening and an end of the
hardening in the hardening step, the primary and secondary
forming steps are both completed, the primary and secondary
forming die sets are opened, the primary formed product
plastically worked in the primary forming step and the sec-
ondary formed product machined in the secondary forming
step are each separated from a pressing surface of at least one
of the upper or lower die of a corresponding one of the die
sets.

According to a second aspect of the invention, in the first
aspect of the invention, the primary and secondary forming
die sets may operate in synchronization with each other by
using corresponding mechanical presses.

According to a third aspect of the invention, in the second
aspect of the invention, the cooling die set including two
cooling die sets may be prepared, while the secondary formed
product is cooled with one of the cooling die sets, a secondary
formed product subsequently machined with the secondary
forming die set may be carried into the other cooling die set so
as to be cooled, and while the secondary formed product is
cooled with the other cooling die set, a hardened final formed
product may be removed from the one of the cooling die sets.

According to a fourth aspect of the invention, in any one of
the first through third aspects of the invention, a temperature
of at least one of the primary or secondary forming die set
may be adjusted by a temperature adjuster such that when the
temperature of the at least one of the primary or secondary
forming die set is lower than a temperature at which harden-
ing of the secondary formed product starts, the temperature of
the at least one of the primary or secondary forming die set is
increased, and when the temperature of the at least one of the
primary or secondary forming die set is higher than the tem-
perature at which hardening of the secondary formed product
starts, the temperature of the at least one of the primary or
secondary forming die set is decreased.

According to a fifth aspect of the invention, in any one of
the first through fourth aspects of the invention, between a
start of hardening and an end of the hardening in the harden-
ing step, at least one of the primary or secondary formed
product may be separated from both a pressing surface of the
corresponding upper die and a pressing surface of the corre-
sponding lower die by a separator.

According to the first aspect of the invention, when the
secondary formed product is held under pressure by the cool-
ing die set, the primary formed product formed with the
primary forming die set and the secondary formed product
formed with the secondary forming die set are each prevented
from being in contact with the pressing surface of at least one
of'the upper or lower die of the corresponding die set. This can
avoid a situation where heat of each of the primary and
secondary formed products is released to at least one of the
upper or lower die of the corresponding die set to cause the
temperature of the secondary formed product to be lower than
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the temperature at which hardening starts, thereby reducing
the energy consumed by, e.g., such a heating process for
keeping the temperature of each of the primary and secondary
formed products high as in Japanese Patent Publication No.
2007-136533 (paragraph 0028, FIG. 1) to a minimum to
reduce the running cost. Since the cooling die set is moved up
and down with the hydraulic press controlled by the servo-
motor, the cooling die set can be stopped at a normal location
even with an increase in the speed of the vertical movement of
the cooling die set. Therefore, the cooling die set can be
stopped at the bottom dead center position without variations
to shorten the time between the carrying of the secondary
formed product into the cooling die set and the removal of the
final formed product to thereby increase productivity, and
secondary formed products successively carried into the cool-
ing die set press against the cooling die set without variations
to provide final formed products of uniform quality.

According to the second aspect of the invention, since the
mechanical presses which have been conventionally often
used in plastic working and machining are used, primary and
secondary formed products can be obtained without prob-
lems, and since the mechanical presses which do not require
a complicated control circuit unlike the hydraulic press are
used, the cost of an entire production line can be reduced.

According to the third aspect of the invention, while the
secondary formed product is cooled with one of the cooling
die sets, subsequent primary and secondary formed products
are obtained with the primary and secondary forming die sets,
respectively, thereby doubling production through the entire
production line without increasing the number of primary
forming die sets and the number of secondary forming die sets
to achieve a compact production line providing high produc-
tivity.

According to the fourth aspect of the invention, when the
temperature of each ofthe primary and secondary forming die
sets is low at a production start time at which the outside air
temperature is low, or when the temperature of each of the
primary and secondary forming die sets is increased due to the
frictional heat generated in continuous production, the tem-
perature of each of the primary and secondary forming die
sets can be adjusted to the temperature at which hardening
starts, thereby reducing variations among the temperatures of
secondary formed products carried into the cooling die set.
This enables the hardening of the final formed products in the
cooling die set without variations, and can provide final
formed products of uniform quality.

According to the fifth aspect of the invention, when the
secondary formed product is held under pressure by the cool-
ing die set, the primary formed product obtained with the
primary forming die set and the secondary formed product
obtained with the secondary forming die set are each never in
contact with both the pressing surface of the upper die of the
corresponding die set and the pressing surface of the lower die
thereof. This ensures the prevention of the heat release from
both of the pressing surface of the upper die and the pressing
surface of the lower die, and avoids a situation where the
temperature of the secondary formed product becomes lower
than the temperature at which hardening starts, thereby fur-
ther reducing the energy consumed by, e.g., such a heating
process for keeping the temperature of each of the primary
and secondary formed products high as in Japanese Patent
Publication No. 2007-136533 (paragraph 0028, FIG. 1) to
reduce the running cost.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1(a) and 1(b) illustrate the layout of a production
line to which a forming method according to a first embodi-
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ment of the present invention is applied, in which FIG. 1(a) is
aplan view of the production line, and FIG. 1(b) is a side view
thereof.

FIG. 2 is a block diagram of the production line to which
the forming method according to the first embodiment of the
present invention is applied.

FIG. 3 is a cross-sectional view taken along the line A-A in
FIG. 1(a), and illustrates a situation where a steel sheet, a
primary formed product, and a secondary formed product are
carried into a primary forming die set, a secondary forming
die set, and a cooling die set, respectively, each having an
upper die which has moved up.

FIG. 4 illustrates a situation where the upper dies of the
primary forming die set, the secondary forming die set, and
the cooling die set are moved downward from their positions
in FIG. 3 to plastically work the steel sheet with the primary
forming die set, machine the primary formed product with the
secondary forming die set, and cool (harden) the secondary
formed product with the cooling die set.

FIG. 5 illustrates a situation where while the upper dies of
the primary and secondary forming die sets move upward
from their positions in FIG. 4 so that primary and secondary
formed products are separated from pressing surfaces of the
corresponding die sets, the secondary formed product is
cooled (hardened) with the cooling die set.

FIG. 6 illustrates a situation where the upper die of the
cooling die set moves upward from its position in FIG. 5, and
a final formed product is obtained.

FIG. 7 illustrates a situation where the situation in FIG. 6 is
changed so that the final formed product is removed from the
cooling die set, the secondary formed product is removed
from the secondary forming die set and carried into the cool-
ing die set, the primary formed product is removed from the
primary forming die set and carried into the secondary form-
ing die set, and a steel sheet is carried into the primary form-
ing die set.

FIG. 81s adiagram corresponding to FIG. 1(a) according to
a second embodiment of the present invention.

FIG. 9(a) is a cross-sectional view taken along the line B-B
in FIG. 8, FIG. 9(5) is a cross-sectional view taken along the
line C-C in FIG. 8, FIG. 9(c) is a cross-sectional view taken
along the line D-D in FIG. 8, and FIGS. 9(a)-9(c) illustrate a
situation where a steel sheet, a primary formed product, and a
secondary formed product are carried into a primary forming
die set, a secondary forming die set, and one of cooling die
sets, respectively, each having an upper die which has moved
up.
FIGS. 10(a)-10(c) illustrate a situation where the upper
dies of the primary forming die set, the secondary forming die
set, and the one of the cooling die sets are moved downward
from their positions in FIG. 9 to plastically work the steel
sheet with the primary forming die set, machine the primary
formed product with the secondary forming die set, and cool
(harden) the secondary formed product with the one of the
cooling die sets.

FIGS. 11(a)-11(c) illustrate a situation where while the
upper dies of the primary and secondary forming die sets
move upward from their positions in FIG. 10(a) so that pri-
mary and secondary formed products are separated from
pressing surfaces of the corresponding die sets, the secondary
formed product is removed from the secondary forming die
set and carried into the other cooling die set, the primary
formed product is removed from the primary forming die set
and carried into the secondary forming die set, and a steel
sheet is carried into the primary forming die set, the second-
ary formed product is cooled (hardened) with the one of the
cooling die sets.
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FIGS. 12(a)-12(c) illustrate a situation where the upper
dies of the primary forming die set, the secondary forming die
set, and the other cooling die set are moved downward from
their positions in FIGS. 11(a) and 11(c) to plastically work
the steel sheet with the primary forming die set, machine the
primary formed product with the secondary forming die set,
and cool (harden) the secondary formed product with the
other cooling die set.

FIGS. 13(a)-13(c) illustrate a situation where the upper
dies of the primary forming die set, the secondary forming die
set, and the one of the cooling die sets move upward from their
positions in FIGS. 12(a) and 12(b), a final formed product is
removed from the one of the cooling die sets, the secondary
formed product is removed from the secondary forming die
set and carried into the one of the cooling die sets, the primary
formed product is removed from the primary forming die set
and carried into the secondary forming die set, and a steel
sheet is carried into the primary forming die set.

FIG. 14(a) is a diagram corresponding to a portion of FIG.
3, and illustrating only a primary forming die set for use in a
forming method according to a third embodiment of the
present invention, FIG. 14(5) illustrates a situation where an
upper die of the primary forming die set is moved downward
from its position in FIG. 14(a) to plastically work a steel
sheet, and FIG. 14(c) illustrates a situation where the upper
die of the primary forming die set moves upward from its
position in FIG. 14(b) so that a primary formed product is
separated from pressing surfaces of both of the upper die and
a lower die of the primary forming die set.

DETAILED DESCRIPTION

Embodiments of the present invention will be described
hereinafter in detail with reference to the drawings. The fol-
lowing preferred embodiments are merely examples in
nature.

FIGS. 1(a) and 1(5) illustrate a production line 1 according
to a first embodiment of the present invention. The production
line 1 is configured to form steel sheets S by hot pressing, and
as illustrated in FIG. 2, a section of the production line 1
implementing a carrying step 2 in which steel sheets S before
being formed are stored, a section thereof implementing a
heating step 3 in which steel sheets S carried from the section
implementing the carrying step 2 are heated, a section thereof
implementing a primary forming step 4 in which plastic
working of each of the steel sheets S heated in the heating step
3 is performed for a predetermined time period, a section
thereof implementing a secondary forming step 5 in which a
primary formed product p1 formed in the primary forming
step 4 is machined, e.g., pierced, for a predetermined time
period, a section thereof implementing a hardening step 6 in
which a secondary formed product p2 formed by being
machined in the secondary forming step 5 is held under pres-
sure so as to be hardened, and a section thereof implementing
a discharging step 7 in which a final formed product P hard-
ened in the hardening step 6 is removed from the section
implementing the hardening step 6 and stored are arranged on
a substantially straight line sequentially from the upstream
side of the production line 1. The above-described term “plas-
tic working” denotes processes, such as draw forming, crash
forming, and bend forming. In the secondary forming step 5,
when machining, such as piercing, is performed, bending,
etc., may be performed to some extent.

The section implementing the carrying step 2 includes a
first pallet 20 on which a plurality of steel sheets S cut into an
appropriate shape in an unshown cutting step are placed one
on another. A first robot R1 which is an industrial robot is
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disposed between the section implementing the carrying step
2 and the section implementing the heating step 3, and the first
robot R1 sequentially carries the steel sheets S stacked on the
first pallet 20 into the section implementing the heating step 3.

The section implementing the heating step 3 includes a
heating furnace 30 extending from the upstream side of the
production line 1 to the downstream side thereof, and heating
the steel sheets S. The heating furnace 30 includes a lower
furnace body 32 which is a lower portion of the heating
furnace 30, and an upper furnace body 31 which is an upper
portion of the heating furnace 30 opposed to the lower furnace
body 32, and although not shown, the lower furnace body 32
includes a plurality of rollers rotationally driven by a motor,
and a heater configured to increase the temperature of atmo-
spheric gas between the upper furnace body 31 and the lower
furnace body 32. The steel sheets S carried into the upstream
side of the heating furnace 30 by the first robot R1 are carried
to the downstream side of the production line 1 through the
plurality of rollers in the heating furnace 30, and during the
time period during which the steel sheets S are carried to the
downstream side, the temperatures of the steel sheets S are
increased to temperatures of about 800-1000° C. with the
atmospheric gas the temperature of which is increased by the
heater.

Two transfer rails Sr are laid between the section imple-
menting the heating step 3 and the section implementing the
secondary forming step 5 to pass through the section imple-
menting the primary forming step 4, and two unshown auto-
matic conveyors are movably placed on the transfer rails Sr.
The automatic conveyors are used to carry the steel sheets S
heated in the heating furnace 30 into the section implement-
ing the primary forming step 4, and simultaneously carry the
primary formed product p1 plastically worked in the primary
forming step 4 into the section implementing the secondary
forming step 5.

The section implementing the primary forming step 4
includes a mechanical press 41, and a primary forming die set
42 configured to perform plastic working in which a steel
sheet S is pressed from above and below so as to be plastically
deformed is placed in the mechanical press 41. As illustrated
in FIGS. 3-6, the mechanical press 41 is configured to move
anupper die 43 ofthe primary forming die set 42 upward from
a lower die 44 thereof and downward to the lower die 44.

The lower die 44 has a lower pressing surface 44a having a
generally protruding portion when viewed in cross section,
and the upper die 43 has an upper pressing surface 43a having
a generally depressed portion when viewed in cross section,
and corresponding to the lower pressing surface 44a of the
lower die 44. When one of the heated steel sheets S is placed
on the lower pressing surface 44a of the lower die 44, and the
upper die 43 is moved down to a bottom dead center position,
the steel sheet S is plastically worked to obtain a primary
formed product p1 having a cross section forming a generally
hat-like shape.

As illustrated in FIGS. 3-6, a pipe 46 is disposed inside the
lower die 44 of the primary forming die set42, and a driver 47
configured to circulate a heating medium, such as hot water,
between the lower die 44 and a storage tank outside the
drawings is connected to the pipe 46. A temperature sensor 48
is connected to the primary forming die set 42. A temperature
adjuster 45 of the present invention includes the pipe 46, the
driver 47, and the temperature sensor 48, the temperature
sensor 48 detects the temperature of the primary forming die
set 42, and the temperature of the heating medium circulating
through the pipe 46 is adjusted such that when the tempera-
ture of the primary forming die set 42 is lower than the
temperature at which a secondary formed product p2 is hard-
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ened (about 650° C.), the temperature of the primary forming
die set 42 is increased, and when the temperature of the
primary forming die set 42 is higher than the temperature at
which the secondary formed product p2 is hardened, the
temperature of the primary forming die set 42 is decreased.

The section implementing the secondary forming step 5
includes a mechanical press 51, and a secondary forming die
set 52 configured to pierce the primary formed product p1 is
placed in the mechanical press 51. As illustrated in FIGS. 3-6,
the drive source of the mechanical press 51 is in synchroni-
zation with the drive source of the mechanical press 41, and
the primary and secondary forming die sets 42 and 52 operate
in synchronization with each other.

The lower die 54 has a lower pressing surface 54a having a
generally protruding portion when viewed in cross section,
and corresponding to the shape of the back surface of the
primary formed product p1, and a piercing hole 545 for pierc-
ing is formed in the top part of the lower pressing surface 54a.
The upper die 53 has an upper pressing surface 53a having a
generally depressed portion when viewed in cross section,
and corresponding to the shape of the front surface of the
primary formed product pl, and the upper pressing surface
53a includes a piercing protrusion 535 corresponding to the
piercing hole 545. When the primary formed product pl is
placed on the lower pressing surface 54a of the lower die 54
with the back surface of the primary formed product p1 facing
toward the lower die 54, the back surface of the primary
formed product p1 is along the lower pressing surface 54a.
When, in this situation, the upper die 53 is moved down to the
bottom dead center position, the primary formed product p1 is
pierced with the piercing hole 545 and the piercing protrusion
53b to obtain a secondary formed product p2.

As illustrated in FIGS. 3-6, a pipe 56 is disposed inside the
lower die 54 of the secondary forming die set 52, and a driver
57 configured to circulate a heating medium, such as hot
water, between the lower die 54 and a storage tank outside the
drawings is connected to the pipe 56. A temperature sensor 58
is connected to the secondary forming die set 52. The tem-
perature adjuster 55 of the present invention includes the pipe
56, the driver 57, and the temperature sensor 58, the tempera-
ture sensor 58 detects the temperature of the secondary form-
ing die set 52, and the temperature of the heating medium
circulating through the pipe 56 is adjusted such that when the
temperature of the secondary forming die set 52 is lower than
the temperature at which the secondary formed product p2 is
hardened, the temperature of the secondary forming die set 52
is increased, and when the temperature of the secondary
forming die set 52 is higher than the temperature at which the
secondary formed product p2 is hardened, the temperature of
the secondary forming die set 52 is decreased.

A second robot R2 which is an industrial robot is disposed
between the section implementing the secondary forming
step 5 and the section implementing the hardening step 6, and
the second robot R2 sequentially carries secondary formed
products p2 formed in the secondary forming step 5 into the
section implementing the hardening step 6.

The section implementing the hardening step 6 includes a
hydraulic press 61, and a cooling die set 62 for cooling is
placed in the hydraulic press 61. The hardening step 6 is
configured so as to be performed independently without coor-
dinating with the primary and secondary forming steps 4 and
5, the hydraulic press 61 operates under the control of a
servomotor, and an upper die 63 of the cooling die set 62 is
moved upward from a lower die 64 thereof and downward to
the lower die 64.

The lower die 64 has a lower pressing surface 64a having a
generally protruding portion when viewed in cross section,
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and corresponding to the shape of the back surface of the
secondary formed product p2, and when the secondary
formed product p2 is placed on the lower pressing surface 64a
of the lower die 64 with the back surface of the secondary
formed product p2 facing toward the lower die 64, the back
surface of the secondary formed product p2 is along the lower
pressing surface 64a. The upper die 63 has an upper pressing
surface 63a having a generally depressed portion when
viewed in cross section, and corresponding to the shape of the
front surface of the secondary formed product p2. The size of
a gap G formed between the upper pressing surface 63a and
the lower pressing surface 64a with the upper die 63 of the
cooling die set 62 moved down to the bottom dead center
position is set at a size slightly smaller than the thickness of
the secondary formed product p2. Therefore, when the upper
die 63 is moved down with the secondary formed product p2
placed on the lower die 64, the cooling die set 62 presses
against the front and back surfaces of the secondary formed
product p2.

As illustrated in FIGS. 3-6, a pipe 66 is disposed inside the
upper and lower dies 63 and 64, and a driver 67 configured to
circulate cold water between each of the upper and lower dies
63 and 64 and a storage tank outside the drawings is con-
nected to the pipe 66. A temperature sensor 68 is connected to
the cooling die set 62. A cooler 65 of the present invention
includes the pipe 66, the driver 67, and the temperature sensor
68, the temperature sensor 68 detects the temperature of the
cooling die set 62, and the temperature of the cold water
circulating through the pipe 66 is adjusted such that when the
temperature of the cold water is higher than the set tempera-
ture of the cold water for hardening, the temperature of the
cold water is decreased.

A third robot R3 which is an industrial robot is disposed
between the section implementing the hardening step 6 and
the section implementing the discharging step 7, and final
formed products P formed in the hardening step 6 are sequen-
tially removed from the section implementing the hardening
step 6 and carried into the section implementing the discharg-
ing step 7 by the third robot R3.

The section implementing the discharging step 7 includes
a second pallet 70 on which a final formed product P formed
in the hardening step 6 is placed, and a plurality of final
formed products P sequentially formed in the hardening step
6 can be stacked on the second pallet 70.

Next, a method for manufacturing a final formed product P
from a steel sheet S by hot pressing along the production line
1 will be described.

FIG. 3 illustrates a situation where a steel sheet S heated in
a heating furnace 30, a primary formed product pl formed
with a primary forming die set 42, and a secondary formed
product p2 formed with a secondary forming die set 52 are
carried into the primary forming die set 42, the secondary
forming die set 52, and a cooling die set 62, respectively.

First, as illustrated in FIG. 4, an upper die 43 of the primary
forming die set 42 and an upper die 53 of the secondary
forming die set 52 are moved down from their positions
illustrated in FIG. 3 in synchronization with each other, and
an upper die 63 of the cooling die set 62 also moves down at
the same time as the upper dies 43 and 53. A primary formed
product p1 is formed from the steel sheet S with the primary
forming die set 42, a secondary formed product p2 is formed
from the primary formed product p1 with the secondary form-
ing die set 52, and the hardening of the secondary formed
product p2 is started with the secondary formed product p2
held under pressure by the cooling die set 62.

Next, as illustrated in FIG. 5, while the secondary formed
product p2 is hardened with the upper die 63 of the cooling die
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set 62 moved down, the upper die 43 of the primary forming
die set 42 and the upper die 53 of the secondary forming die
set 52 move up in synchronization with each other without
coordinating with the cooling die set 62; the primary formed
product p1 plastically worked in the primary forming step 4 is
separated from an upper pressing surface 43a of the upper die
43 while being in contact with a lower pressing surface 44a of
the lower die 44; and the secondary formed product p2
pierced in the secondary forming step 5 is separated from an
upper pressing surface 53a of the upper die 53 while being in
contact with a lower pressing surface 54a of the lower die 54.
Therefore, when the secondary formed product p2 is held
under pressure by the cooling die set 62, the contact between
the primary formed product pl formed with the primary
forming die set 42 and the upper pressing surface 43a of the
upper die 43 can be prevented, and the contact between the
secondary formed product p2 formed with the secondary
forming die set 52 and the upper pressing surface 53a of the
upper die 53 can be prevented. This can avoid a situation
where the heat of the primary formed product p1 and the heat
of'the secondary formed product p2 are released to the upper
pressing surface 43a of the upper die 43 and the upper press-
ing surface 53a of the upper die 53, respectively, to cause the
temperature of the secondary formed product p2 to be lower
than the temperature at which the secondary formed product
p2 is hardened, thereby reducing the energy consumed by,
e.g., such a heating process for keeping the temperature of
each of the primary and secondary formed products p1 and p2
high as in Japanese Patent Publication No. 2007-136533
(paragraph 0028, FIG. 1) to a minimum to reduce the running
cost.

Also when the die sets are configured such that the primary
formed product p1 plastically worked in the primary forming
step 4 and the secondary formed product p2 pierced in the
secondary forming step 5 are in contact with the upper press-
ing surfaces 43a and 53a of the upper dies 43 and 53, respec-
tively, and are separated from the lower pressing surfaces 44a
and 54a of the lower dies 44 and 54, respectively, with the die
sets opened, advantages similar to the above advantages can
be provided.

Next, after a lapse of a predetermined time period from the
time when the situation in FIG. 5 starts, hardening is finished
in the cooling die set 62 to obtain a final formed product P, and
as illustrated in FIG. 6, the upper die 63 of the cooling die set
62 moves up. Subsequently, the final formed product P is
removed from the cooling die set 62 by the third robot R3, the
secondary formed product p2 is removed from the secondary
forming die set 52 and carried into the cooling die set 62 by
the second robot R2, the primary formed product p1 is simul-
taneously removed from the primary forming die set 42 and
carried into the secondary forming die set 52 by an automatic
conveyor (not shown), and the steel sheet S is then removed
from the heating furnace 30 and carried into the primary
forming die set 42 by an automatic conveyor (not shown). As
such, a primary forming step 4, a secondary forming step 5,
and a hardening step 6 are successively performed in
sequence, thereby obtaining final formed products P on the
production line.

When the final formed products P are to be successively
obtained, the temperature adjusters 45 and 55 each adjust the
temperature of a heating medium circulating through a cor-
responding one of the pipes 46 and 56 such that when the
temperature of a corresponding one of the primary and sec-
ondary forming die sets 42 and 52 is low at a production start
time at which the outside air temperature is low, the tempera-
ture thereof is increased, and when the temperature of a
corresponding one of the primary and secondary forming die
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sets 42 and 52 is increased due to the frictional heat generated
in the continuous production, the temperature thereof is
decreased. Therefore, the temperatures of the primary and
secondary forming die sets 42 and 52 can be adjusted to the
temperature at which hardening is started by the temperature
adjusters 45 and 55, thereby reducing variations among the
temperatures of secondary formed products p2 carried into
the cooling die set 62. This enables the hardening of final
formed products P in the cooling die set 62 without variations,
and can provide final formed products P of uniform quality.

In view of the above, according to the first embodiment of
the present invention, since the cooling die set 62 is moved up
and down by the hydraulic press 61 controlled by the servo-
motor, the cooling die set 62 can be stopped at a normal
location even with an increase in the speed of the vertical
movement of the cooling die set 62. Therefore, the cooling die
set 62 can be stopped at the bottom dead center position
without variations to shorten the time between the carrying of
the secondary formed product p2 into the cooling die set 62
and the removal of the final formed product P to thereby
increase productivity, and secondary formed products p2 suc-
cessively carried into the cooling die set 62 press against the
cooling die set 62 without variations to provide final formed
products P of uniform quality.

Furthermore, since the mechanical presses 41 and 51
which have been conventionally often used in plastic working
and machining are used, primary formed products pl and
secondary formed products p2 can be obtained without prob-
lems, and since the mechanical presses 41 and 51 which do
not require a complicated control circuit unlike the hydraulic
press 61 are used, the cost of the entire production line 1 can
be reduced.

Although, in the first embodiment, a heating medium, such
as hot water, is used to heat the primary and secondary form-
ing die sets 42 and 52, the heating medium does not neces-
sarily need to be used, and the die sets may be heated, for
example, by electrical heat generation.

Although the mechanical presses 41 and 51 are used in the
primary and secondary forming steps 4 and 5, hydraulic
presses may be used to obtain primary and secondary formed
products pl and p2.

Although, in the primary and secondary forming steps 4
and 5, the vertical movement of the upper die 43 of the
primary forming die set 42 is in synchronization with that of
the upper die 53 of the secondary forming die set 52, the
vertical movement of the upper die 43 may be prevented from
being in synchronization with that of the upper die 53.

Although, in the heating furnace 30 of this embodiment,
the steel sheets S are heated by increasing the temperature of
the atmospheric gas to high temperatures, a heating process is
not limited to the above process, and a heating process using,
e.g., induction heating may be used.

Although automatic conveyors (not shown) are used to
carry the primary formed product p1 from the section imple-
menting the primary forming step 4 into the section imple-
menting the secondary forming step 5 and carry the steel sheet
S from the section implementing the heating step 3 into the
section implementing the primary forming step 4, industrial
robots may be used to carry such products into the corre-
sponding sections.

Although, in the first embodiment, the pipes 46 and 56 are
disposed only in the lower dies 44 and 54 of the primary and
secondary forming die sets 42 and 52, respectively, to adjust
the temperatures of the die sets, the pipes 46 and 56 may be
disposed in the upper dies 43 and 53, respectively, to adjust
the temperatures of the die sets.
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Although the primary and secondary forming die sets 42
and 52 include the temperature adjusters 45 and 55, respec-
tively, the temperature of at least one of the primary and
secondary forming die sets 42 and 52 may be adjusted.

FIG. 8 illustrates a production line 1 according to a second
embodiment of the present invention. Unlike the first embodi-
ment, the production line 1 of the second embodiment
includes two sections which each implement a carrying step 2
and are arranged in parallel, two sections which each imple-
ment a heating step 3 and are arranged in parallel, two sec-
tions which each implement a hardening step 6 and are
arranged in parallel, and two sections which each implement
adischarging step 7 and are arranged in parallel, and the other
elements are identical with those of the first embodiment;
thus, the difference between the first and second embodi-
ments will be described in detail.

A first robot R1 is disposed between each of the sections
implementing the carrying step 2 and one of the sections
implementing the heating step 3, which is placed in parallel
with the section implementing the carrying step 2, and a third
robotR3 is disposed between each of the sections implement-
ing the hardening step 6 and one ofthe sections implementing
the discharging step 7, which is placed in parallel with the
section implementing the hardening step 6. Each of the two
sections implementing the heating section 3 is connected to
the section implementing the primary forming step 4 through
transfer rails Sr extending from the section implementing the
heating step 3 to the section implementing the primary form-
ing step 4, thereby sequentially carrying steel sheets S heated
in the heating step 3 into the section implementing the pri-
mary forming step 4.

Next, a method for manufacturing a final formed product P
from a steel sheet S by hot pressing along the production line
1 of the second embodiment will be described.

FIGS. 9(a)-9(c) illustrate a situation where a steel sheet S
heated in a heating furnace 30, a primary formed product p1
formed with a primary forming die set 42, and a secondary
formed product p2 formed with a secondary forming die set
52 are carried into the primary forming die set 42, the sec-
ondary forming die set 52, and one of two cooling die sets 62,
respectively.

First, as illustrated in FIGS. 10(a)-10(c), an upper die 43 of
the primary forming die set 42 and an upper die 53 of the
secondary forming die set 52 are moved down from their
positions illustrated in FIG. 9(a) in synchronization with each
other, and an upper die 63 of one of the cooling die sets 62 also
moves down from its position illustrated in FIG. 9(b) at the
same time as the upper dies 43 and 53. A primary formed
product p1 is obtained from the steel sheet S with the primary
forming die set42, a secondary formed product p2 is obtained
from the primary formed product p1 with the secondary form-
ing die set 52, and the hardening of the secondary formed
product p2 is started with the secondary formed product p2
held under pressure by the one of the cooling die sets 62.

Next, as illustrated in FIGS. 11(a)-11(c), while the second-
ary formed product p2 is hardened with the upper die 63 of the
one of the cooling die sets 62 moved down, the upper die 43
of the primary forming die set 42 and the upper die 53 of the
secondary forming die set 52 move up in synchronization
with each other without coordinating with the one of the
cooling die sets 62; the primary formed product p1 plastically
worked in the primary forming step 4 is separated from an
upper pressing surface 43a of the upper die 43; and the sec-
ondary formed product p2 pierced in the secondary forming
step 5 is separated from an upper pressing surface 53a of the
upper die 53.
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Next, the secondary formed product p2 is removed from
the secondary forming die set 52 and carried into the other
cooling die set 62 by the second robot R2, the primary formed
product pl is simultaneously removed from the primary
forming die set 42 and carried into the secondary forming die
set 52 by an automatic conveyor (not shown), and the steel
sheet S is then removed from the heating furnace 30 and
carried into the primary forming die set 42 by an automatic
conveyor (not shown).

Subsequently, as illustrated in FIGS. 12(a)-12(c), the
upper die 43 of the primary forming die set 42 and the upper
die 53 of the secondary forming die set 52 are moved down in
synchronization with each other, and an upper die 63 of the
other cooling die set 62 also moves down at the same time as
the upper dies 43 and 53; thus, a primary formed product p1
is obtained from the steel sheet S with the primary forming die
set 42, a secondary formed product p2 is obtained from the
primary formed product pl with the secondary forming die
set 52, and the hardening of the secondary formed product p2
is started with the secondary formed product p2 held under
pressure by the other cooling die set 62.

Next, as illustrated in FIGS. 13(a)-13(c), while the second-
ary formed product p2 is hardened with the upper die 63 of the
other cooling die set 62 moved down, the upper die 43 of the
primary forming die set 42 and the upper die 53 of the sec-
ondary forming die set 52 move up in synchronization with
each other without coordinating with the other cooling die set
62. Hardening is finished in the one of the cooling die sets 62
to obtain a final formed product P, and the upper die 63 of the
one of the cooling die sets 62 also moves up at the same time
as the upper dies 43 and 53.

Subsequently, the final formed product P is removed from
the one of the cooling die sets 62 by the third robot R3, the
secondary formed product p2 is simultaneously removed
from the secondary forming die set 52 and carried into the one
of'the cooling die sets 62 by the second robot R2, the primary
formed product pl is simultaneously removed from the pri-
mary forming die set 42 and carried into the secondary form-
ing die set 52 by an automatic conveyor (not shown), and the
steel sheet S is then removed from the heating furnace 30 and
carried into the primary forming die set 42 by an automatic
conveyor (not shown). As such, a primary forming step 4, a
secondary forming step 5, and two hardening steps 6 are
successively performed in sequence, thereby obtaining final
formed products P on the production line.

As above, according to the second embodiment of the
present invention, while a secondary formed product p2 is
cooled with one of cooling die sets 62, subsequent primary
and secondary formed products pl and p2 are obtained with
primary and secondary forming die sets 42 and 52, respec-
tively, thereby doubling production through the entire pro-
duction line 1 without increasing the number of primary
forming die sets 42 and the number of secondary forming die
sets 52 to achieve a compact production line 1 providing high
productivity.

FIGS. 14(a)-14(c) illustrate a primary forming die set 42
for use in a production line 1 according to a third embodiment
of the present invention. In the third embodiment, only the
structure of a lower die 44 of the primary forming die set 42
is different from that in the first embodiment, and the other
elements are identical with those in the first embodiment;
thus, only the difference between the third and first embodi-
ments will be described hereinafter in detail.

A plurality of vertically extending recesses 44¢ are formed
in the lower die 44 of the third embodiment, and each contain
a separator 8.
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The separator 8 includes a supporting member 81 formed
in the shape of a generally triangular pyramid, and a coil
spring 82 for urging the supporting member 81 upward.

As illustrated in FIG. 14(a), the supporting member 81 is
urged upward by the coil spring 82 with the primary forming
die set 42 opened, and protrudes upwardly beyond a lower
pressing surface 44a. The supporting member 81 supports a
steel sheet S carried from a heating furnace 30 to lift the steel
sheet S, thereby separating the steel sheet S from the lower
pressing surface 44a.

As illustrated in FIG. 14(b), the supporting member 81 is
pressed downward by the steel sheet S (an upper die 43) with
the primary forming die set 42 closed, and thus, descends
against the spring force of the coil spring 82 so as to be
contained in the recess 44c.

Furthermore, as illustrated in FIG. 14(c), the supporting
member 81 is urged upward by the coil spring 82 with the
primary forming die set 42 opened, and thus, protrudes
upwardly beyond the lower pressing surface 44a. The sup-
porting member 81 lifts a primary formed product pl to
separate the primary formed product p1 from the lower press-
ing surface 44a.

A method for manufacturing a final formed product P from
a steel sheet S by hot pressing along the production line 1 of
the third embodiment is identical with that in the first embodi-
ment except that the steel sheet S carried into the opened
primary forming die set 42 is lifted by the supporting member
81 so as to be separated from the lower pressing surface 44a,
that the supporting member 81 is contained in the recess 44c¢
in synchronization with the closing of the primary forming
die set 42, and that the primary formed product p1 is lifted by
the supporting member 81 in synchronization with the open-
ing of the primary forming die set 42 so as to be separated
from the lower pressing surface 44a; therefore, detailed
description thereof is omitted.

As such, according to the third embodiment of the present
invention, when a secondary formed product p2 is held under
pressure by a cooling die set 62, the primary formed product
pl formed with the primary forming die set 42 is never in
contact with both the pressing surface 43a of the upper die 43
of'the primary forming die set 42 and the pressing surface 44a
of'the lower die 44 thereof. This ensures the prevention of the
heat release from both the pressing surface 43a of the upper
die 43 and the pressing surface 44a of the lower die 44, and
avoids a situation where the temperature of the secondary
formed product p2 becomes lower than the temperature at
which hardening starts, thereby further reducing the energy
consumed by, e.g., such a heating process for increasing the
temperature of the primary formed product p1 as in Japanese
Patent Publication No. 2007-136533 (paragraph 0028, FIG.
1) to reduce the running cost.

Although, in the third embodiment of the present inven-
tion, the lower die 44 of the primary forming die set 42
includes the plurality of separators 8, a lower die 54 of a
secondary forming die set 52 may include a plurality of sepa-
rators 8, and thus, the primary formed product p1 or the
secondary formed product p2 may be separated from a lower
pressing surface 54a.

Although the separators 8 of the third embodiment each
include the single supporting member 81 and the single coil
spring 82, components of each of the separators 8 are not
limited to the above components. For example, a bar-shaped
member having a front end including a suction cup may be
protruded downward from each of the upper dies 43 and 53,
and the primary and secondary formed products p1 and p2
may be drawn by the suction cup and suspended from the
upper dies 43 and 53 so as to be each separated from a
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corresponding one of the upper pressing surfaces 43a and 53a
and a corresponding one of the lower pressing surfaces 44a
and 54a.

Furthermore, although the separators 8 according to the
third embodiment of the present invention each move the
supporting member 81 up and down by extending and con-
tracting the coil spring 82, a method for moving the support-
ing member 81 up and down is not limited to the above
method. For example, a cylinder extending or contracting in
synchronization with the opening and closing of each of the
primary and secondary forming die sets 42 and 43 may be
used.

The invention claimed is:

1. A method for forming a steel sheet by hot pressing, the
method comprising the steps of:

a primary forming step of obtaining a primary formed
product by performing plastic working in which a heated
steel sheet is pressed by upper and lower dies of a pri-
mary forming die set for a predetermined time period so
as to be plastically deformed along a pressing surface of
each of the upper and lower dies;

a secondary forming step of carrying the primary formed
product into a secondary forming die set, and machining
the primary formed product with upper and lower dies of
the secondary forming die set for a predetermined time
period to obtain a secondary formed product; and

at least one hardening step of carrying the secondary
formed product into a cooling die set placed in a hydrau-
lic press controlled by a servomotor, and allowing upper
and lower dies of the cooling die set to hold the second-
ary formed product under pressure for a longer time
period than the time period of each of the primary and
secondary forming steps to obtain a hardened final
formed product,

wherein:
the primary forming step, the secondary forming step,

and the at least one hardening step are successively
performed in sequence,
the at least one hardening step is configured so as to be
performed independently without coordinating with
the primary and secondary forming steps,
at least one of the primary or secondary forming die sets
includes a temperature adjuster including a pipe
inside the at least one of the primary or secondary
forming die sets, a driver configured to circulate a
heating medium through the pipe, and a temperature
sensor connected to the at least one of the primary or
secondary forming die sets,
ata production start time at which production starts on a
production line including the primary and secondary
forming die sets and the cooling die set, adjusting a
temperature of the heating medium circulating
through the pipe of the temperature adjuster so as to
increase a temperature of at least one of the primary or
secondary forming die sets to a temperature at which
hardening of the secondary formed product starts
while sensing the temperature of the at least one of the
primary or secondary forming die sets via the tem-
perature sensor, and
after increasing the temperature to the temperature at
which hardening of the secondary formed product
starts and between a start of hardening and an end of
the hardening in the at least one hardening step:
the primary and secondary forming steps are both
completed, the primary and secondary forming die
sets are opened, the primary formed product plas-
tically worked in the primary forming step and the
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secondary formed product machined in the second-
ary forming step are subsequently each separated
from a pressing surface of at least one of the upper
or lower die of a corresponding one of the die sets,
and
the temperature of the at least one of the primary or
secondary forming die sets is adjusted by adjusting,
via the temperature sensor, the temperature of the
heating medium circulation through the pipe while
sensing, via the temperature sensor, the tempera-
ture of the at least one of the primary or secondary
forming die sets such that:
when the temperature of the at least one of the
primary or secondary forming die sets is lower
than the temperature at which the hardening of
the secondary formed product starts, the tem-
perature of the at least one of the primary or
secondary forming die sets is increased; and
when the temperature of the at least one of the
primary or secondary forming die sets is higher
than the temperature at which the hardening of
the secondary formed product starts, the tem-
perature of the at least one of the primary or
secondary forming die sets is decreased.
2. The method of claim 1, wherein:
the primary and secondary forming die sets operate in
synchronization with each other by using corresponding
mechanical presses.
3. The method of claim 2, wherein:
the at least one hardening step comprises two hardening
steps,
while the secondary formed product is cooled with the
corresponding cooling die set in one of the two harden-
ing steps, a secondary formed product subsequently
machined with the secondary forming die set is carried
into the corresponding cooling die set so as to be cooled
in the other one of the two hardening steps, and
while the secondary formed product is subsequently
cooled with the corresponding cooling die set in the
other one of the two hardening steps, a hardened final
formed product is removed from the corresponding
cooling die set in the one of the two hardening steps.
4. The method of claim 1, wherein:
at least one of a lower die of the primary forming die set in
the primary forming step or a lower die of the secondary
forming die set in the secondary forming step includes a
plurality of separators,
the separators each include:
a supporting member having a sharp upper end, and
an urging mechanism configured to urge the supporting
member upwardly, and
between a start of hardening and an end of the hardening in
the hardening step, while the primary and secondary
forming die sets are opened, a biasing force of the urging
mechanism allows the supporting member to protrude
upwardly beyond a pressing surface of the at least one of
the lower die of the primary forming die set and the
lower die of the secondary forming die set so that the at
least one of the primary or secondary formed product is
separated from both a pressing surface of the corre-
sponding upper die and a pressing surface of the corre-
sponding lower die by being lifted from the pressing
surface of the corresponding lower die.
5. The method of claim 1, wherein:
the temperature adjuster including the pipe inside the at
least one of the primary or secondary forming die sets
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and the driver configured to circulate the heating
medium through the pipe is a forming die temperature
adjuster,

the cooling die set includes a cooling die set temperature
adjuster including a pipe inside the cooling die set and a
driver configured to circulate cold water through the
pipe of the cooling die set temperature adjuster, and

after the at least one hardening step has been completed and
the cooling die set has been opened, a temperature of
cold water circulating through the pipe ofthe cooling die
set temperature adjuster is adjusted such that the cooling
die set is decreased to a set temperature for hardening.
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